I n t r o d u c t i o n
The s p e c t r a o f multicharged i o n s i s o e l e c t r o n i c with neon and n i c k e l a r e o f s p e c i a l i n t e r e s t i n t h e s e a r c h f o r amplified soft-X ray emission s i n c e they favor population i n v e r s i o n s C11. Although t h e a m p l i f i c a t i o n i s t o be observed onAn=O t r a n s i t i o n s , t h e g e n e r a l knowledge o f t h e spectrum r e q u i r e s observation o f resonance t r a n s i t i o n s . For diagnosis purpose i n t h e plasma, t h e s p e c t r a o f s e v e r a l elements have been i n v e s t i g a t e d i n t h e range 2-8 4.
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T h e o r e t i c a l methods
The s p e c t r a show obviously s i n g l e l i n e s and unresolved t r a n s i t i o n a r r a y s and t h e i r i n t e r p r e t a t i o n is based on t h e r e l a t i v i s t i c parametric p o t e n t i a l method C2,31. The c e n t r a l p o t e n t i a l is described by a n a l y t i c a l formulas and depends on parameters which a r e v a r i e d t o minimize t h e average o f t h e t o t a l energy f o r one ( o r s e v e r a l ) c o n f i g u r a t i o n ( s ) . I n t h e case o f neon-like i o n s , t h e parameters and t h e r e f o r e t h e tot a l energy o f t h e ground s t a t e a r e somewhat d i f f e r e n t when t h e minimization runs on 2 6 t h e closed s h e l l 2 s 2p and on t h e average of 2~~2~~3 . e , with m+n=7. The energy o f t h e ground s t a t e i s l a r g e r when determined from parameters f i t t e d on e x c i t e d config u r a t i o n s and t h e energy d i f f e r e n c e was introduced a s a c o r r e c t i o n i n t h e determinat i o n o f t h e resonance t r a n s i t i o n s . A s i m i l a r c o r r e c t i o n was applied when one, o r sev e r a l , s p e c t a t o r e l e c t r o n s a r e added t o t h e n=2-n=3 neon-like t r a n s i t i o n , r e s u l t i n g i n sodium-like, magnesium-like, ... s a t e l l i t e s .
The RELAC code (Klapisch, Bar-Shalom and Luc-Koenig, unpublished), coupled with a determination o f t h e energy and t r a n s i t i o n matrices i n j-j coupling [ & I , was used i n a l l s t a g e s o f t h e s t u d y of t h e i n d i v i d u a l l i n e s : determination o f t h e parameters, d i a g o n a l i z a t i o n o f t h e matrices with t h e parameter s e t s o f t h e e x c i t e d c o n f i g u r a t i o n s and determination o f t h e t r a n s i t i o n p r o b a b i l i t i e s o f e l e c t r i c d i p o l e ( E l ) and e l e ct r i c quadrupole (E2) modes. Now, when t h e l i n e s belonging t o a given a r r a y a r e n o t separated, we consider t h e c l u s t e r o f l i n e s a s a whole and we use t h e formulas giving t h e mean wavelength and t h e width of t h e peak (see Ref. 151 f o r t h e d e s c r i p t i o n of t h e Unresolved Transit i o n Array (UTA) formalism).
Application of t h e UTA formalism t o t h e s a t e l l i t e s of neon-like resonance l i n e s 5 The s p i n -o r b i t s p l i t t i n g of t h e 2p c o r e dominates t h e l e v e l s t r u c t u r e of a l l 2p5j,3&j23e;3 c o n f i g u r a t i o n s with s p e c t a t o r e l e c t r o n s added. Sub-arrays corresponding t o ( j l , j 2 , j3)-( jl, j 2 , j ' 3 ) t r a n s i t i o n s a r e s p i n -o r b i t s p l i t a r r a y s (SOSA1s), f o r which t h e average wavelength and width may be c a l c u l a t e d ab i n i t i o [61, any r a d i a l i n t e g r a l being provided by t h e RELAC code. Previous a p p l i c a t i o n s o f t h i s t h e o r e t i c a l method can be found i n Ref. C7,81.
The s a t e l l i t e s o f t h e neon-like t r a n s i t i o n s o f f e r f u r t h e r -a p p l i c a t i o n s o f t h e SOSA formalism. W e considered f i r s t t h e h i g h e s t charge-states a v a i l a b l e from t h e lit e r a t u r e , i . e . t h e spark-produced s p e c t r a of Ba, La, Ce and Pr i91. Although t h e s e s p e c t r a a r e perturbed by X-ray emission from t h e c o l d p a r t of t h e plasma, t h e ident i f i e d neon-like resonance l i n e s a r e c l e a r l y followed by equally spaced peaks which we suspected t o be SOSA1s. I t i s seen i n Table I t h a t , with very few exceptions, t h e s e peaks f i t t h e 2s-3p and 2p-3d t r a n s i t i o n s of Na-and Mg-like ions. The p r e s e n t i d e n t i f i c a t i o n r e l i e s on wavelength coincidences only. The widths o f t h e sub-arrays which could be derived from C91 a r e n o t a c c u r a t e enough t o provide f u r t h e r checks. New observations f o r t h e s e high-Z elements a r e needed, f o r which t h e experimental techniques described below should be appropriate.
New experimental m a t e r i a l
Laser-target i n t e r a c t i o n experiments have been performed a t t h e Groupement de Recherches Coordonn6es I n t e r a c t i o n Laser-MatiGre (GRECO-ILM) l a s e r f a c i l i t i e s by Gauthier, Geindre and Monier, a s r e p o r t e d i n t h e p r e s e n t volume. Typical e x c i t a t i o n c o n d i t i o n s used 600 p s p u l s e s of 0.53pm r a d i a t i o n focused on f o i l o r wire, o r drop i n case o f mercury t a r g e t s , with l a s e r i n t e n s i t i e s around 1014 w/cm2. The s p e c t r a were recorded with a f l a t p e n t a e r y t h r i t o l c r y s t a l spectrograph on KODAK SB2 f i l m s with a s p e c t r a l r e s o l u t i o n of about 0.005 1. Wavelength c a l i b r a t i o n was provided by H-and He-like s t a n d a r d s from d e p o s i t s of low-Z elements (S,C1 and K). By consider i n g t h e root-mean-square d e v i a t i o n i n t h e polynomial f i t t i n g s , t h e estimated wavel e n g t h accuracy i s about 0.002 1, somewhat l a r g e r f o r blended l i n e s . The elements i n v e s t i g a t e d s o f a r a r e rubidium, strontium, molybdenum, rhodium and s i l v e r i n t h e Table I . Exp.erimenta1 wavelengths ( i n 8) and deviations from t h e o r e t i c a l values ( i n ma) obtained by means of t h e "SOSA" formalism and t h e RELAC code f o r t h e neon-like resonance l i n e s of barium, lanthanum, cerium and praseodymium and t h e i r s a t e l l i t e s 
--
Note : * t h e l a b e l is dubious i n view of t h e l a r g e deviation i s o e l e c t r o n i c sequences of neon and near-by elements, and gadolinium, tantalum, tungs t e n , rhenium, platinum, gold, mercury and bismuth i n t h e i s o e l e c t r o n i c sequences around nickel.
I n t e r p r e t a t i o n of t h e spectrum of l a s e r -i r r a d i a t e d s i l v e r S i l v e r has been taken a s a t y p i c a l example of these laser-produced s p e c t r a recorded a t GRECD-ILM l a s e r f a c i l i t i e s i n t h e region of n=2 t o n=3 t r a n s i t i o n s ( f i g . 1 ) . The s i x s t r o n g e s t neon-like t r a n s i t i o n s were e a s i l y i d e n t i f i e d and they a r e l a b e l e d from A t o F i n fig.1. I t was checked t h a t t h e predicted 2s-3p and 2p-3s t r a n s i t i o n s of f l u o r i n e -l i k e s i l v e r were not e x c i t e d near 3.3 and 4.0 1. On t h e long-wavelength s i d e of t h e 2p-3s t r a n s i t i o n a t 4.019 1, unresolved t r a n s i t i o n a r r a y s lead t o i d e n t if i c a t i o n of Na-, Mg-and Al-like ion emission.
The s a t e l l i t e s f o r t h e 2p-3d t r a n s i t i o n s a r e grouped i n p a r t i a l l y resolved patt e r n s and, f o r t h e i r i n t e r p r e t a t i o n , a l l n=2 t o n=3 sodium-like t r a n s i t i o n s have been predicted by means of t h e RELAC code. The configuration mixing of t h e upper l e v e l s was taken i n t o account i n t h e two arrays: 2 6 2 6 2 5 2 2 5 2 5 2 6 (2s 2p 3 s + 2 s 2p 3d) -(2s 2p 3 s + 2 s 2p 3s3d + 2s22p53p2 + 2 s 2p 3d + 2s2p 3s3p + 2~2~~3 p 3 d ) and 6 2 2s22p63p -(2s22p53s3p + 2s2zp53p3d + 2s2p63s2 + 2~2~~3 s 3 d + 2~2~~3~~ + 2s2p 3d ). Table 11 . The comparison with experimental wavelengths i s , s a t i s f a c t o r y : t h e discrepancies between observed peaks and t h e s t r o n g e s t calculat e d l i n e s a r e generally smaller than experimental wavelength u n c e r t a i n t i e s , although autoionization p r o b a b i l i t i e s have not been considered . fig.1 ) to be the signature of sodium-like transitions (n=2 to n=3) with n=4 spectator electrons.
Only t h e l i n e s with t h e highest t r a n s i t i o n p r o b a b i l i t i e s i n t h e i r r e s p e c t i v e sub-arrays a r e c o l l e c t e d i n
Identification of electric quadrupole decays in the neon sequence The line at 3.297 fi in the silver spectrum cannot be interpreted as an electric dipole transition in F-,Ne-and Na-like ions. A similar line is observed in strontium, molybdenum, zirconium and rhodium and the whole isoelectronic sequence fits the predicted energy difference 2s2zp6 'so -2szp63d 'D~. In the neon sequence, the identification of E2 transitions was limited so far to 2p-3p transitions in lowdensity plasmas of high-Z elements C101, which makes the present labeling paradoxical at first sight . Ab initio evaluations confirm that the E2 transition probability of the quoted 2s-3d transition overcomes all those of 2p-3p by one order of magnitude. It is known also that the excitation cross section from the ground state to this upper level of 2~2~6 3 d is relatively high in ion-electron collisions 1111, and this, added to the isoelectronic regularities, is a support for the present identification of E2 decays in laser-produced plasmas 1121.
Indeed the E2 transitions with nl=n+l lose their "forbiddenll character in highly-charged ions. Zc being the net charge of the ion core, the radiative transition probabilities scale as ZC for El transitions with nl=n, Z$ for El transitions with n'fn and Z$ for E2 transitions with n'fn. This scaling explains that the 2p-3p decay which is now identified in Ag XXXVIII (two lines in Table 11 ) is not detected in lower-Z elements.
Electric quadrupole decays in the isoelectronic sequence of nickel
The similarity between the neon and nickel sequences regarding the closed shell ground state results in the identification of an homologous sequence of E2 6 10 1 5 10 transitions 3p 3d SO4f7/2)2 in the six spectra Ta XLVI, W XLVII, Re XLVIII, Pt LI, Au LII and Hg LIII. This isoelectronic sequence of weak lines is located between strong n=3-n=4 and n=3-n=5 electric dipole emission regions. The 5 10 intensity ratio of the resonance lines emitted from 3p3/23d 4f7/2 and from 5 10 3p3/23d 4dgI2 has been calculated by Klapisch, Bar-Shalom and Cohn in Au LII for different electron densities in a collisionnal-radiative model. In agreement with the observations, this ratio is density-dependent in the range of 1019-1021 cm-3 and makes the E2 lines diagnosis tools of considerable interest in laser-produced plasmas C131.
In closer connection with the search for population inversions, an investigation of the n=4-n=4 transitions in Ni-like ions has been undertaken, starting from low-charge elements. Experimental identifications are still limited to Br VIII, but accurate predictions up to Mo XV are being used for extending the spectral analysis 1141.
